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Abstra ct
h the 鮎Id ofre m ote sen sing, there is alleedto c orrect the hten sities of bidire ctio nal
reflectanc ebe ca use the satellite dda c ollected hn adir and offn adird辻ectio n s sho w different
valuesin spite ofthe meas u r eln e r[t Ofthe s amepohltO nthe e arth
l
ss urface .
n en w em e a s u redthe characteristic s of bidirectio n alrenecta n c c丘on 血e c oastals and u sing
a re m ote se ns ing Sim ulator. Fr o mthe results of thc me asurc ments, w e obtained indicatriccs,
hen ce Mi皿 aCrt C O n StantS k's(九)w e re cal ulated. Wc c oTreeted the r eflected inte nsityby
as su ming thatM 血1aertc o n stant k ofthe sam e are ais equal.
1. Intr odt1(:lio n .
Inthe papers o nreflectio n and s c attering, 1 皿 bertia n sd a ces ale us ually as s u m ed , but
n ahral s u rfa c e sa regenerally D o n- L amberdan and their spe ctralprope畑es obtained 丘o m
rem ote s e nsing datafrom airc raftor s atellite-are depe nde nto nvie w aJldsu n angles
1, 2･ 3
Itis , therefore, n e c e s s arytotal(einto a c c o u ntthebidirectio nalrc丑ecta n cdistributio皿 fun ctio n
@R D F)4 .fdie target tO CO mpar Cqu a ntitativelythe m eastm ments a cquir ed under different
ilumination aJld obse rvatio n c oTlditiollS･ E howledgc of thebidirectio7)alpr operties of n atu ral
surfaces aJ C especiallyimpo rta nt.
h rem ote sensing 鮎1d, the researchersare c o nfus ed atthe differ en ce hthe data hthe
n adir a nd offnadir directio n sforthc observatio n ofthe sam epoi71t O nthe ea rth
.
s s urfa c eby
side-a ngle in1agery Sen s ors Such as a n Adv a n cedVery HighRes olutio nRadio meter(βⅣE R R)
o nbo ardN O A A Satellite, andthe HighRes olutio nⅥsiblcinshlm e ntO nbo ardS P O Ts atel ite.
T hen hthispaper as afundalnentalexperim e ntofabidirectionalreAectan c c, w eobtain edthe
bidirectio nalrefle cta nce characte ristic sfo r血e sand and w e discus sed how to correct 血e
re且ected intensities obse rved in different n adirdire ctioIIS. Our co r e ctio n methodhas a m erit
thatitcanbe appliedto n on - h mbertiansurfac e･
2. Expe rim e nts a nd Re su)ts
T he expen m e71t W as don ebyu s ing a re mote Se nS皿 g Sim ulato r
5
show ed h Fig･ 1･ This
sim ulato rhas ah aloge nlamplightedby a stabiliz edpow e rsupply. Thedetector ofthelightis a
photo multiplieL T he opticals ource a nd thedetectorca n m ov e along the guides, a ndrequired
incidentaJld reflected aJlg es areobtained. The detector ca nals o m ov ein the a zim uth directio n,
enabl ingthe bidire ctio nalreflectanc eofan obje ct to be m e asured. The size of the s am ple stage
is60c mindiam ete r. Thedata are proc essed bya c omputer.
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T he s and c oue ctedatthe Ku5tlkuric oastinJapa n was u sed fo rthe experim ent･ Tbdete rmine
the wav elcngthof expcrin e71t, a 丘1ter of Wratten No･ 25 wi ththe sam e w av elength band as
b dsat M SS(5)w a sused. h m e asurem ent ofthe r eflecta nce, the whitebarium sulfatebo ard
w as used. The re瓜e ctance ofa sa mpletargetis calculated bythefollo whg equ ation
〟(A)
Ita, et A
Iwhite(A)
x pwhite(A), (1)
where p(九)isthe re且e ctan ce oftargeL Ita,get(九)isthe reflected hten sityofthe m e a s u red
ta rget. I w hite(九)isthe re且ectedinte n sityofthe whitebo ard･ p white(九)is the rene ctan c e of
the whitebo ard. T heincidenta ngle, rene cted a ngle a nd a 血 uthangle ar e sho w ninFig･ 2･
Optbz)(s o urc e
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Fig1 1･ Sche m aticdiagra m ofthe sim ulator
fo r r e m ote s e n sing.
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Fig. 2. Ge o m etryof bidir e ctonalreflecta n c e
m e asu r e m c 皿tS.
First
,
w e m eas u red the r efle cta n ce h n adir(0 - O
o
)dire ctio n and at O
o
a Eim uth angle･
T heindicatdc e sof血e s and am obtain edbychanging in cident a ngles･ n e resultin the n adir
di,ectio nis sho w nin Fig. 3, andthe M 血 a ert co nstaJlt Obtained fro mdieindic 8trixis k(九)-
1.2 6. Nextthe experim ents w e r em ade atdetectio n angles(8 - lo
o
, 20
o
,
30
o
,
40
o
and
5 0
o
) . T he ∝perim e ntalresults atthedete ctio n a ngles 20
o
and 50
o
are sho w ninFig･ 4,
and5, respectively, Asis sho w nh Fig･ 3to Fig･ 5, when thedetectio n a ngleis c o n stant･ thc
indic ahi∝ shardly cha nge bya zim uth angle.
The m eas u rem entre sults ofthe r eflectan ce a reshow nin Figs･ 6to 8･ Asis show n in Figs･ 6
and7
,
where the detectio na nglesare O
o
and20
o
,
r espe ctiv ely, the reflectancedistributes
betwe en 0.2 and 0.5 with change ofthe incidentangles. W hen the detectio n angleis50
o
,
a s
is show n in Fig･ 8, the renecta nce distributesbetw e e nO･3 a nd O･9 an
d thedistribution depends
on the a zim uth a ngle .
Next, the change of Mirm aert c o n stants by the a zim uth angleis sho wn in Fig･ 9･ M irLn a ert
co n stant(k)is hjgher whenthe azim uthangleislarger･ In the case of the detectio n angles
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Fig. 9. M i皿 a ertCO n Sta ntS Ofsa nd whe n也e
detectioJ) 皿Bles changefro皿 10
o
to50o
40
o
aJld 5 0
o
,
whe nthe a Zim uth angleis O
o
, the M il na ert c o n sta ntShow s alarg6 Value a nd
whenthe azim uthanglcis30
o
,
也e valtlebe co mes minim u mand within c 托 aSe Of the a zim uth
a ngle the valuebec o meslarger.
3. Co r r e ctio n of Refle cted lnte n sity
The sateuitedata c ollectedin n adir and off-nadirdirectio n sdifferinspite ofobservatio n atthe
salne point o nthe e a rth
'
s s urfac e. Then the c orr e ction mustbedo neforthe s edata･ Tbc orrect
the m, w c meas u r ed bidirectio nalre且ectan cesby a I℃ m Ote Sen S mg Sim ulator. The equation of
the re且ected inte n sityⅠ(九)is repr e s e nted byu se ofMim a er(c on sta nt6sudl aSthefollowing‥
I(A)- I.(A)c os
h(A)a
.
I cos
h(A)- lo, (2)
wher e k(入)is a Min aert c o n stant, Io (九)is a c o A Stant depe nding o ntheinten sity of
incidedlightand O｡ and 8 arein cide nt a nd detectio n a ngle s,respe ctively･ Sin cetw o
differed Mi皿 a er(C O n StantSkl(九)and k2(九)are obtainedBo mtheindiatriαs at 也e s a me
point 皿 ea Sured hnadir andoff
- mi irdire ctio n s, the tw o reAected inten sitie s ll(九) and
I2(九) ofn adir a ndoff-n adirdirectio n, respectiv ely, are
I
l(A)≡ I.(A)co s
kl(A)0｡ ,
and
I
2(A)= I.(A)cos
k2(A)a. ･ cos
ち(A)- lo ･
As thes e reAectedi血 nsities are ass u medtobc equ al, s o
co s
ち(A)o
｡
- c os
k2(A)0
｡
･c o s
帥) - 1o ･
Mi皿 a ertCOnStaTltS are als o a s sllm edtobe equal, s o
k2(A)･ X - kl(A)･
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(3)
(4)
(5)
(6)
Fr o mthe Equ ation(5).
c o s
k2(A)･ x o｡ - c o sち(
A)o
o
･ co s
k2(A) - 1o . (7)
Hen ce
k2(A)･ X dlogc osO｡ = ち(A)･1ogc osO. ＋(k2(A)- 1)･1ogco sO . (8)
The refo re
X
k
2(A)Ilogc o sO. ＋(k2(A) - 1)･1ogc o sO
k
2(A)I1ogc o sO.
(9)
FroⅡl Equ atio n(9) 冗 is obtain ed and kl ¢) in Equ atio n(6)is calculated, butdue to
ex野 n m eHtalerr o rs x m tlStbe multiplieda c orrectio nco efficient c I
T Le n
,
k
2(A)･ x ･ c = kl(A)･ (10)
This c valu es are show n in Tables1to4.
The c o rrectio n ofthe Teflectcd inte nsityispossible by substituting kl(九) into Equation(3)･
The c oz T eCtion c o effic ents, c, obtained &o m expen mentalresults a reshow nin Tables1 to41
T hese c oefBcients obtained based o n M血1a elt CO nStBmt k(九)≡ 1.26 givenbytheindicatrix
fo r mdirdirectio n (8 ≡ O
o
) and a zim utha ngle(¢ = O
o
)for sand. T bey are n ot m uch
varied fo rthe sam e reflected angle .
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Table1. Cbrr e ction coeffic ents when azim uth
angle
■isOo
.
0. e = 10
'
0 = 2 0
.
0 = 3 0
.
0 = 4 0
.
0 = 5 0
'
3 0
4 5
6 0
1･0 9 1. 7 1.1 8 0.9 8 0.7 3
1.0 9
I.10
1
.18 1. 9 1.0 8 0.8 9
1.1 8 1.2 0 1. 1 0.9 7
Table3･ Co rre ctio n c o ef石cie ntswherl aZim uth
angleis60
o
.
0. 0 = 10
'
e = 2 0
'
0 = 3 0
.
e = 40
'
･ 0 = 5 0
'
3 0
'
1.0 5
4 5
'
1.0 6
60
'
1.0 7
l,1 0 1.1 7
1,1 2 1. 8
1.1 3 1. 8
Table2
1 a)rrc ctio n c o efEicJ
･
ents when azim uth
angleisSOP .
0･ e ミ 10
'
0 ヨ 2 0
o
O = 30
●
e = 4 0
'
･
0 己 5 0
.
S o一
45
¢○
1.0 6 1,1 4 1; 7
1.0 7
1.0 8
1.16 1, 9
1.16 1.2 0
1 2 1
1.2 4
1.2 4
Table4･ Corr ectio n c o efZic c nts wh 血a zim uth
angleis90
o
.
0
. 0 = 10
.
0 = 20
.
0 = 30
.
0 = 4 0
'
e = 50
'
3 0
'
1･0 4 110 6 1.05 0.9 6 0.80
45
ー
1.05
6 0
.
1J)6
l.1 0 1.10 1.0 5 0.9 5
1.1 1 1. 2 1.0 9 1.0 2
4. Co ndusion s
Thc expe 血 entalresults of the bidirecd 皿 alre且e ctan c eha v e sho wn that the r eflection
charactedstic sdifferbythe Te且ectcd and a ヱim uth angles as r epre seTItedby u s e of Min a ert
constants. T he Mim ert c onstants a mla rger when the reflected angles ares maller and when
the azim uth angle s arelarger.
h thispaper, w ehav eintrodu ced a c o rr e ctio n n cthod, which en ables the corre ctio n ofdata
fro mdiffe re ntsatellites. E∇en tll Oughobserv ed at the sa m epoint, ther eis a
'disagre e m e nth
thedata c olectedat tw odiffer e ntreflc cted angles, n adir andoff-n adir.
In these c orrecdo n sM 血1a ertc o n stant Obtain ed丘o m aindicatrix mustbe u sed.
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